ABSTRACT Subaru Deep Field line-emitting galaxies in four narrow-band filters (NB704, NB711, NB816, and NB921) at low and intermediate redshifts are presented. Broad-band colors, follow-up optical spectroscopy, and multiple narrow-band filters are used to distinguish Hα, [O ii], and [O iii] emitters between redshifts of 0.07 and 1.47 to construct their averaged rest-frame optical-to-UV spectral energy distributions and luminosity functions. These luminosity functions are derived down to faint magnitudes, which allows for a more accurate determination of the faint end slope. With a large (N ∼ 200 to 900) sample for each redshift interval, a Schechter profile is fitted to each luminosity function. Prior to dust extinction corrections, the [O iii] and [O ii] luminosity functions reported in this paper agree reasonably well with those of Hippelein et al. The z = 0.08 Hα LF, which reaches two orders of magnitude fainter than Gallego et al., is steeper by 25%. This indicates that there are more low luminosity star-forming galaxies for z < 0.1. The faint end slope α and φ ⋆ show a strong evolution with redshift while L ⋆ show little evolution. The evolution in α indicates that low-luminosity galaxies have a stronger evolution compared to brighter ones. These results can only be achieved with deep NB observations over a wide range in redshift. Integrated star formation rate densities are derived via Hα for 0.07 < z < 0.40, [O iii] for 0.40 < z < 0.84, and [O ii] for 0.89 < z < 1.47. A steep increase in the star-formation rate density, as a function of redshift, is seen for 0.4 z 0.9. For z 1, the star-formation rate densities are more or less constant. The latter is consistent with previous UV and [O ii] measurements. Below z 0.4, the SFR densities are consistent with several Hα, [O ii], and UV measurements, but other measurements are a factor of two higher. For example, the z = 0.066 − 0.092 Hα LF agrees with those of Jones & Bland-Hawthorn, but at z = 0.24 and 0.40, their number density is higher by a factor of two. This discrepancy can be explained by cosmic variance.
INTRODUCTION
Over the past decade, deep spectroscopic surveys have utilized emission lines to measure the cosmic star-formation rate (SFR). Estimates of the SFR can be obtained from the Hα emission line in starforming galaxies (Kennicutt 1983) . However, Hα is no longer visible (in optical spectrographs) beyond z ∼ 0.4. To study the SFR at higher redshifts, one must obtain infrared spectroscopy of the Hα line or detect bluer emission lines where optical spectrographs are used.
Although the former has been successful (e.g., Malkan et al. 1995; Glazebrook et al. 1999; McCarthy et al. 1999; Yan et al. 1999; Hopkins et al. 2000; Moorwood et al. 2000; Tresse et al. 2002; Doherty et al. 2006; Rodriguez-Eugenio et al. 2006) , difficulties, such as a bright background (for groundbased observations) and smaller areal coverage limit IR searches to small samples, mostly of the brightest galaxies.
The latter has been attempted by measuring the O ii doublet ([O ii] λλ3726, 3729). It has been used to determine the SFR out to z = 1.6 (Hogg et al. 1998; Hicks et al. 2002; Hippelein et al. 2003; Teplitz et al. 2003; Drozdovsky et al. 2005 ), but its measurements are more affected by internal extinction and metallicity uncertainties (Kennicutt 1992; Kewley, Gellar, & Jansen 2004) . Studies have shown that the comoving SFR density increases by a factor of 10 from z ∼ 0 to 1-1.5 and declines or flattens out at higher redshifts (Hopkins 2004 ). The behavior above a redshift of 3 is not well known for two reasons: (i) the amount of UV extinction is questionable, and (ii) the shallowness of recent Lyman Break Galaxies studies at z > 5 has resulted in an extrapolation of the faint-end slope for a SFR estimate.
Since past studies identified galaxies and redshifts via spectra, the measured SFRs are biased toward the small selected sample of bright objects, and spectroscopy requires a greater demand of allocated telescope time, as opposed to the approach of using deep narrow-band (NB) imaging with large fields-of-view. The NB imag-ing method has proven to be quite effective in finding many emission line galaxies with the appropriate redshift for a strong line (e.g., Lyα, Hα, [O ii] λ3727, Hβ, and [O iii] λ5007) to fall within the NB filter. For example, Hu et al. (2002) , Ajiki et al. (2003) , Kodaira et al. (2003) , Taniguchi et al. (2003) , Hu et al. (2004) , Kashikawa et al. (2006) , and Shimasaku et al. (2006) have confirmed candidate Lyα emitters (LAEs) at z = 5.7 and 6.6 with follow-up spectroscopy. These NB emitters (identified when their NB magnitude is substantially brighter than that of the broad-band continuum) provide an opportunity to study the cosmic evolution of star formation. Fujita et al. (2003) , Kodama et al. (2004) , and Umeda et al. (2004) have measured the Hα luminosity function (the latter two are for clusters) at z = 0.24 or 0.40 by identifying NB emitters and then using their broad-band colors to distinguish a few hundred Hα emitters from other line emitters. Ajiki et al. (2006) also examined the same field as Fujita et al. (2003) for other strong emission line galaxies such as [O iii] and [O ii] . Fabry-Perot (FP) interferometers have also been used to find emission line galaxies (Jones & Bland-Hawthorn 2001; Hippelein et al. 2003; Glazebrook et al. 2004 ), but the comoving volume or limiting flux of past surveys is not comparable to that of the NB imaging technique, and their surveys currently lack broad-band colors. Other work, such as COMBO-17 (Meisenheimer & Wolf 2002) that uses intermediate-band filters is capable of selecting emission line galaxies, but these wider filters (compared to NBs) will only detect very strong line emitting galaxies.
In this paper, the luminosity function (LF) and SFR in almost a dozen redshift windows between z = 0.07 and 1.47 are presented from line-emitting galaxies in the Subaru Deep Field (SDF; Kashikawa et al. 2004 ). The approach of using broad-band colors to separate NB emitters will be considered. However, with spectra of some of our NB emitters, galaxies (with appropriate redshifts) from the Hawaii HDF-N (a deep spectroscopic survey), and multiple NB filters to cover two different lines at similar redshifts, the LF for line emitters other than the typical Hα and Lyα can be studied. Broad-band (BB) multi-color selection of [O ii] and [O iii] emitters has yet to be done at these intermediate redshifts. The combination of deep, wide imaging with multiple broad-and narrow-band filters makes the SDF scientifically unique. In § 2, deep broad-and narrow-band imaging are presented. Selection criteria for different NB emitters are described and follow-up spectroscopy of the brightest line-emitting galaxies are also presented in § 2. Section 3 will discuss our methods of distinguishing different line emitters, derive emission line fluxes from NB photometry, calculate the luminosity function, and derive SFRs at 11 redshift windows. Comparisons with previous studies will be made in § 4, and a discussion of the evolution of the luminosity function and star formation rate density, and suggestions for future work are given in § 5. Concluding remarks are made in the final section.
A flat cosmology with H • = 70 km s −1 Mpc −1 , Ω Λ = 0.7, and Ω M = 0.3 is adopted for consistency with recent papers related to this topic and cosmological measurements (Spergel et al. 2003 (Spergel et al. , 2006 . Throughout this paper, all magnitudes are given in the AB system: m AB = −2.5 log f ν − 48.60, where f ν is the flux density in ergs s −1 cm −2 Hz −1 . (Kaifu 1998; Iye et al. 2004) . Five broad-band (B, V , R C , i ′ , and z ′ ) and four narrow-band (NB704, NB711, NB816, and NB921 9 ) images were obtained with a total integration time of 595, 340, 600, 801, 504, 198, 162, 600 , and 899 minutes, respectively. The NB704 and NB711 images were part of a LAE study at z ≃ 5 taken in 2001 March-June and 2002 May before the SDF project began (Ouchi et al. 2003; Shimasaku et al. 2003 Shimasaku et al. , 2004 . The remaining data were obtained as part of the SDF project. The limiting magnitudes (3σ with a 2 ′′ -aperture) for each 27 ′ × 34 ′ image are (B) 28.45, (V ) 27.74, (R C ) 27.80, (i ′ ) 27.43, (z ′ ) 26.62, (NB704) 26.67, (NB711) 25.99, (NB816) 26.63, and (NB921) 26.54. The correction for galactic reddenning is small, E(B − V ) = 0.017 (Schlegel, Finkbeiner, & Davis 1998) . Each image contains over 100,000 objects. After removing regions of low quality (the edges of the CCD and saturated regions around foreground stars), the effective field-of-view is about 868 sq. arcmin. Catalogs for each bandpass were constructed using Source Extractor v2.1.6 (SExtractor; Bertin & Arnouts 1996) . This paper will only discuss low and intermediate redshift NB704, NB711, NB816, and NB921 emitters. High redshift LAEs in the SDF are discussed in Kodaira et al. (2003) , Ouchi et al. (2003) , Shimasaku et al. (2003 Shimasaku et al. ( , 2004 , Taniguchi et al. (2005) , Kashikawa et al. (2006) , and Shimasaku et al. (2006) .
2.1.1. NB704, NB711, NB816, and NB921 Line Emitters BB-NB excess diagrams for the NB704, NB711, NB816, and NB921 catalogs are shown in Figures 1a-d for NB magnitudes up to the 3σ limiting magnitude. The NB704, NB711, NB816, and NB921 excesses are described by Ri ′ -NB704, Ri ′ -NB711, i ′ z ′ -NB816, and z ′ -NB921, respectively, where Ri ′ = 1 2 (R C + i ′ ) and i ′ z ′ = 0.6i ′ + 0.4z ′ . The limiting magnitude of Ri ′ is 27.62 and 27.11 for i ′ z ′ . Objects above the short-long dashed magenta lines in Figure 1a -d are fainter than 3σ of their broad-band flux (Ri
The median (i.e., featureless spectra) for the NB816 and NB921 excesses are 0.10 and -0.05 mag, respectively. NB line emitters are identified as points above the long-dashed blue (a minimum NB excess) and solid red lines in Figure 1 . The solid red lines represent the 3σ excess: 1000, 986, 1563, and 1942 with good photometric errors (∆m < 0.1) for broad-band filters used in the color selections (see § § § 3.1.1-3.1.3). These line excess limits reach similar equivalent widths (see § § 3.3) as Fujita et al. (2003) and Umeda et al. (2004 LAEs, 19 [O iii] , and 1 Hα were identified. These observations were intended to target LAEs, but a range in broad-band colors were allowed to determine the selection effects of a color-selected sample. The photometric and redshift information for non-LAEs are provided in Table 1 , and Figure 2 shows the spectrum of NB921 emitters with line fluxes (ordinate) plotted in ergs s −1 cm −2Å−1 . The sky's spectrum is plotted at the top with arbitrary units. The spectra of NB816 emitters can be found in Shimasaku et al. (2006) , so they are not reproduced. In addition, these NB emitters are plotted as open circles in Figure 1 Moreover, deeper broad-band observations have revealed that three NB711 emitters published in Shimasaku et al. (2003) appear to be [O ii] emitters by detection in the B and V filters, but a chance projection of a foreground object cannot be ruled out. These sources are listed at the end of −1 grating and a GG495 ordercut filter. Each mask had an integration time of 7 -9 kiloseconds, and had about 100 slits with widths of 1.
′′ 0 (0.47Å pix −1 , R ∼ 3600 at 8500Å). The typical seeing for these observations was 0.
′′ 5 -1. ′′ 0. Standard stars BD +28
• 4211 and Feige 110 (Oke 1990) were observed for the flux calibration. The second mask was flux calibrated with BD +28
• 4211, and the other three masks were calibrated with Feige 110. All DEIMOS observations were reduced in the standard manner with the spec2d pipeline. A total of 33 NB816 and 21 NB921 known line emitters (including LAEs) were targeted with DEIMOS. NB816 emitters were selected for having i ′ -NB816 ≥ 1.0 and 20.0 ≤ NB816 ≤ 25.5 (8.5σ), and NB921 emitters were selected for z ′ -NB921 ≥ 1.0 and 20.0 ≤ NB921 ≤ 25.5 (7.8σ). These criteria were used to identify the brightest line emitters in the sample.
Among the NB816 and NB921 line emitters that have .70 ± 0.05 and z = 6.56 ± 0.05 is 10 and 5, respectively. They are published in Shimasaku et al. (2006) and Kashikawa et al. (2006) .
Spectroscopy of 'Serendipitous' and 'Fortuitous' Sources
Because of the long (up to 10 ′′ ) DEIMOS slits, other galaxies falling within the slits are identified by the reduction pipeline as 'serendipitous'. Moreover, other lower priority sources targeted with DEIMOS yield redshifts in the same range as those of the NB filters. These 'fortuitous' and serendipitous sources may not satisfy our NB excess selection criterion in § § 2.1.1 or have any emission lines (some are identified via absorption features), but they provide important information about the broadband colors at these redshifts. There are five serendipitous sources with relevant redshifts: three z ≈ 0.83 [O iii] and two z ≈ 1.46 [O ii] that are included in this paper. They are plotted as filled squares in Figure 1 and subsequent figures, and are listed in Table 1 . Twenty fortuitous sources are identified, and are included in Table 1. The spectra of the fortuitous sources are shown in Figure 4 , and are identified in NB-excess, and two-color figures as filled triangles.
Therefore, the total (including serendipitous and fortuitous sources) number of spectra that will be used in our line classification scheme is 75. Yip et al. (2004) and were then redshifted for either Hα, [O iii], or [O ii] to fall within the four NB filters and then convolved with the BB and NB filters. The spectra were averaged over 100 to 20000 Sloan Digital Sky Survey (SDSS) sources. This procedure tests whether or not typical galaxies detected in the SDSS are capable of being detected in the NB filters due to strong emission lines. The BB-NB excesses for the three latest types (Sbc/Sc, Sm/Im, and SBm) are shown as horizontal lines on the left-hand side of Figure 1a-d . The BB-NB excess method shows that the two latest types (Sm/Im and SBm) can easily be detected with NB filters due to their very strong emission lines, and Sbc/Sc can be detected in some cases. The Sm/Im and SBm galaxies make up 0.5% of the entire sample of Yip et al. (2004) , and the Sbc/Sc sample consists of 23%. Thus at low redshift, for example, our NB imaging would detect about a quarter of the SDSS galaxies. Table 3 for all four NB filters.
RESULTS

Multiple
3.1. Broad-band Color Selection Past studies (e.g., Fujita et al. 2003; Kodama et al. 2004; Umeda et al. 2004 ) that have used multi-color spectral energy distributions (SEDs) of NB emitters, relied on theoretical population synthesis models to identify photometric Hα emitters. However, without spectra of a sample of bright galaxies, the identification of these emitters cannot be confirmed. Since spectra have been obtained for a few to over two dozen objects in each redshift bin, the multi-color classification of different ([O ii] and [O iii]) line emitters in this study is more reliable than previous studies. With five broad bandpasses, distinguishing different line emitters is more feasible in a multidimensional color space, as previous studies were limited to two or three broad bandpasses. Many of the colors that will be used rely on the Balmer break falling in a particular bandpass.
The NB704 filter provides the special advantage of determining the redshift of NB921 emitters into two possible intervals. This is almost equivalent to obtaining a spectra, as a line-emitting galaxy in the NB704 and NB921 filters correspond to either a redshift of 0.397-0.411 or 0.878-0.904. The former occurs when the [O iii] λ5007 line falls within the NB704 filter, and the Hα line is within the NB921 filter. The latter is for [O ii] λ3727 and Hβ (see Table 3 ). Coincidentally, the FO-CAS spectra of an Hα emitter (SDFJ132354.9+272016) is one of these NB704+921 line emitters, which shows that multiple NB filters can be used to select sources. The total number of NB704+921 line emitters is 212. As a comparison, other sets of filters were investigated. For NB704 and NB816, only 11 objects are emitters in both filters, and 7 objects for NB711 and NB816. NB816 and NB921 filters yielded 99 objects.
To better distinguish different line emitters, galaxies from the Hawaii HDF-N with known redshifts from either LRIS (Oke et al. 1995) or DEIMOS have been analyzed . B, V , R C , I C , and z ′ photometry have been obtained by Capak et al. (2004) using Suprime-Cam. Currently, no transformation between I C and i ′ exists for a sample of galaxies. However, SDSS studies 10 of stars have shown that the transformation between the I C and i ′ bandpasses is 19, 74, 58, 7, 46, 157, 21 , and 8, respectively. Hawaii HDF-N galaxies are plotted as open squares in the two-color diagrams (see below) with the same color conventions used for the SDF spectroscopic sample. Also, there are two sources within the NASA/IPAC Extragalactic Database (NED) at redshifts of 0.0718 and 0.45, which fall within the redshift windows. These sources are plotted as open triangles in the color-color diagrams. The SDSS spectra of Yip et al. (2004) have been redshifted and convolved with the broad-band filters to obtain the colors. They are overlayed as thick solid black lines on Figures 5 and 6. Because of the limited coverage (3500-7000Å) of these spectra, the desired colors could only be determined at z = 0.07 (NB704 and NB711 Hα), 0.25 (NB816 Hα), and 0.40 (NB704 and NB711 [O iii]). There is good agreement between the SDSS predicted broad-band colors and those of the NB emitters.
For additional comparison, a stellar population model from GALAXEV (Bruzual & Charlot 2003) with constant star-formation is overlayed on these two-color diagrams. To correct the broad-band colors for strong nebular emission lines, we adopt the emission line ratios of Sm/Im galaxies from Yip et al. (2004) 
Sources within the shaded region of Figure 6a are "unknown" objects as no spectral identification is available in that area. Initially, these sources were thought to be [O ii] emitters as their colors were V − R C ≈ 0.9 and i ′ − z ′ ≈ 0.6, but this resulted in an excess (N = 192) of sources with line luminosities above L ⋆ . Hypothetically, these objects may be [O iii] emitters, therefore, two LFs (including and excluding the unknown sources) will be presented in § § § 3. 
NB921 Emitters
In Figure 7a , the B − R C and R C − i ′ colors for NB921 emitters are shown. Two z = 0.40 Hα (red circles), and 196 NB704 and NB921 emitters at z = 0.40 are plotted as red crosses while 16 z = 0.89 NB704 and NB921 Hβ emitters are plotted as green crosses. The two types of NB704 and NB921 emitters are distinguished by their similarities in broad-band colors with galaxies that have been identified spectroscopically. Hα NB921 emitters are identified for having B − R C ≥ 1.46(R C − i ′ ) + 0.58 and R C −i ′ ≤ 0.45. In Figure 7b , NB921 emitters that are not identified as Hα are plotted (as grey points) in All high-EWs sources are bluer (flatter spectral index) compared to the low-EW sources. This is rather apparent for the [O ii] emitters. This is not surprising as very high star-forming galaxies are expected to be blue. In addition, the NB816 high-EW [O iii] SED appears to peak in the i ′ bandpass, which indicates that the [O iii] lines may be stronger relative to the continuum at z = 0.64. The Hα SEDs show little differences among all four filters (i.e., redshifts from z = 0.07 to 0.4). A comparison of these SEDs with models used in photometric redshift algorithm (such as hyperz) and a more detail analysis of these SEDs will be discussed in a future paper.
The Luminosity Function
The total NB flux density (in units of ergs s −1 cm −2Å−1 ) can be defined as
, and ∆NB is the width of the NB filter. The broad-band continuum flux density (f BB ) is
Here, ǫ i , the weight of a broadband filter to determine the broad-band continuum, is introduced to maintain generality in the following equations. The widths are ∆NB704 = 100Å, ∆NB711 = 73Å, ∆NB816 = 120Å, ∆NB921 = 132Å, ∆R = 1124Å, ∆i ′ = 1489Å, and ∆z ′ = 955Å. Therefore the line flux, continuum flux density, and observed equivalent widths are
, and
EW obs = , is 4.66. This is an average flux ratio from 17 DEIMOS spectra between z = 0.08 and 0.34. Tresse & Maddox (1998) , Yan et al. (1999) , Iwamuro et al. (2000) , and Fujita et al. (2003) used a flux ratio of 2.3, which is reported by Kennicutt (1992) and Gallego et al. (1997) . In addition, the nonsquare shape of the NB filters must be accounted for, so a statistical correction of 28% is applied for all filters. Therefore the observed luminosity is
28. With these corrections, the luminosity function is constructed by
The number of Hα line emitting galaxies per Mpc 3 per ∆ log L(Hα) is plotted in Figure 10 for (a) NB704 and NB711, (b) NB816, and (c) NB921 as small filled grey circles. The logarithmic bin size for Hα is ∆ log L(Hα) = 0.4. The comoving volume for each galaxy is corrected for the shape of the filter being triangular, which can be as high as 27% of the total accessible volume for the faintest galaxies. The LFs are fitted to a Schechter profile (Schechter 1976) :
where If each NB filter is divided into 5Å bins, and the redshift distribution is uniform across the filter, then the fraction of detected line emitters where both lines are present is 6/24 (NB704), 1/15 (NB711), 8/24 (NB816), and 8/26 (NB921) must have their luminosity reduced by 25%. However, the non-square shape of the filters will lower the percentage for objects detected in these redshift intervals. Accounting for the filters' shape, the corrections are 21.2% (NB704), 3.3% (NB711), 23.3% (NB816), and 22.0% (NB921). It should be noted that these corrections should affect lower luminosity objects, 
Completeness of the Luminosity Functions
One major question when constructing these luminosity functions is the completeness at the faint luminosity end. A common technique used to determine completeness is to distribute artificial sources on the images and then see what fraction of those are detected with SExtractor. Kashikawa et al. (2006) determined that the completeness for the SDF NB921 image used in this paper is about 50% at 26.0 mag. Since the depth of the other images is comparable to the NB921 or half a magnitude shallower, the completeness of these filters are given by adjusting the NB magnitude of 50% completeness based on the limiting magnitude of the images. This scaling implies that the magnitude for 50% completeness is 26.0 for NB704, 25.5 for NB711, and 26.1 for NB816. Using the number of NB emitters within a ∆NB = 0.25 mag and the completeness curve as a function of magnitude (available at Kashikawa et al. 2004) , the number of NB emitters missed due to incompleteness is 109 (NB704), 137 (NB711), 160 (NB816), and 214 (NB921).
As a consistency check, the amount of incompleteness can also be determined by loosening the 3σ BB-NB excess selection criteria to a depth of 2.5σ. The larger 2.5σ limits are shown as dashed red lines in Figure 1a -d. This threshold results in detecting an additional 203, 188, 196 , and 226 NB emitters for NB704, NB711, NB816, and NB921, respectively. Thus the 2.5σ method and the first method of artificial adding sources to the images yield similar results. For example, the NB816 and NB921 values are higher than method 1 by 22% and 6%, respectively. By extending the sample to 2.5σ, additional sources with an emission in the NB filter will be detected, but there will also be spurious detections. The predicted number of additional spurious detections based on Gaussian statistics is about 1%, which is rather optimistic. Even with 10% false detections, for example, this would mean that 20 sources are spurious (for each NB filter), but the remaining ∼ 180 sources are real NB emitters. Only spectra of these faint emission lines can determine how many spurious sources exist at 2.5σ.
After re-identifying the NB emitters down to 2.5σ, the broad-band color classification described in § § 3.1 are applied and the luminosity functions are then recalculated for each line emitter in all four NB filters. For the completeness-corrected Schechter fits pro-vided in Table 4 , this 2.5σ method is adopted as it shows the effects of incompleteness on the faint end slope. For the lowest luminosity bins (typically one to three, see Figures 10-12 ), the completeness of the Hα 3σ sample as determined from this method is 52% (NB704, log L=38.0), 67% (NB711, log L=37.9 and 38.3), 59% (NB816, log L=39.2), and 72% (NB921, log L=39.60). For [O iii], the completeness is 36% (NB704, log L=39.55), 58% (NB711, log L=39.8), 66% (NB816, log L=40.05 and 40.25), and 62% (NB921, log L=40.1, 40.2, and 40.3). Finally, the [O ii] completeness is 68% (NB704, log L=40.45), 51% (NB711, log L=40.5), 54% (NB816, log L=40.8 and 40.9), and 55% (NB921, log L=40.95 and 41.05). These fits must be corrected for reddenning to derive the star formation rate density.
3.5. Correcting for Dust Extinction UV and optical measurements of the SFR are subject to significant dust obscuration. The amount of extinction can be estimated by comparing the observed and intrinsic Balmer decrements (F Hα /F Hβ ), but this should be done for each individual galaxy. Generally, spectroscopy of all sources is not feasible, so to mitigate this problem, some studies apply a constant extinction throughout. For example, Fujita et al. (2003) and Pascual et al. (2005) adopted one magnitude of extinction for Hα as determined by Kennicutt (1992) . However, it has been apparent that more active star-forming galaxies suffer greater obscuration. In particular, Jansen et al. (2001) and Aragón-Salamanca et al. (2003) reveal that the Balmerdecrement derived color excess E(B − V ) depends on the M B magnitude, and Hopkins et al. (2001) find a dependence of the color excess on the FIR luminosity. So far, observed SFRs have been reported.
To correct for extinction, three methods are considered. First, a standard A Hα = 1 is applied. The second method utilizes available DEIMOS spectra. From 16 sources with redshift between 0.29 and 0.40, the average Balmer decrement after correcting for stellar absorption 11 is 4.38 ± 1.86. The color excess can be determined from
where R obs and R int are the observed and intrinsic Balmer decrements. The latter is 2.86 for Case B recombination (Osterbrock 1989) .
is the reddenning curve of Cardelli et al. (1989) with k(Hβ) = 3.61 and k(Hα) = 2.54. This corresponds to a color excess of E(B − V ) = 0.43 ± 0.43 or A Hα = 1.44 ± 1.43, which is reasonable compared to other studies that obtain A Hα = 0.5−1.8 (Kennicutt 1998, and references therein) . The last method is the SFR-dependent correction of Hopkins et al. (2001) :
log SF R obs (Hα) = log SF R int − 2.360
where differences are due to cosmological corrections and using a Cardelli reddenning curve rather than the 11 Following Kennicutt (1992), 5Å of stellar absorption is assumed for all objects.
Calzetti reddenning curve (Hopkins, priv. comm Table 4 and are shown in Figure 10 -12 as filled black circles. For the Hα NB711 LF, filled triangles are used to distinguish from the Hα NB704 emitters. For [O iii] measured in NB816, the extinction and completenesscorrected Schechter parameters including the unknown sources are log L ⋆ = 42.23 ± 0.07, log φ ⋆ = −2.27 ± 0.06, and α = −0.88 ± 0.05. The first two methods of extinction corrections are also reported in this table.
The Star Formation Rate Density
The following conversions of luminosity to starformation rate densityρ SFR (in M ⊙ yr −1 Mpc −3 ) are assumed: Teplitz et al. (2000) , who fix this ratio to unity, and it is known to vary between 0.5 and 2 from Kobulnicky et al. (1999) . In addition, the logarithm of the [O iii]/Hα ratio as a function of M o B is shown in Figure 13 . The best fit is
which has less scatter and a higher [O iii]-Hα ratio compared to nearby star-forming galaxies of Jansen et al. (2000) and Moustakas & Kennicutt (2006) . Although the [O iii]-Hα ratio is an average that allows for the determination of the SFR, a large dispersion in the ratio is found. A more appropriate calculation is to use the full histogram (see Figure 13) In Table 4 the observed best fit Schechter parameters and the measuredρ SFR for each redshift are summarized. The uncertainties in the Schechter parameters are determined using the non-linear least squares curve fitting package, MPFIT. These Schechter parameters are plotted as circles in Figure 14a , and the inferred SFR densities are plotted as circles in Fig For Figure 14b , SFR densities derived via integration of the luminosity function of previous surveys are included. In many cases, a LF is not available, and so these SFR densities are derived from a binned luminosity density. Additionally, studies that only report the luminosity density or SFR density are included. The Hαρ SFR measurements are from Glazebrook et al. (1999) Table 5 summarizes the Schechter profiles and SFR densities for studies plotted in Figure 14a b. UV-determined SFR densities from Lilly et al. (1996) , Connolly et al. (1997) , Treyer et al. (1998) , Cowie et al. (1999) , Sullivan et al. (2000) , Massarotti et al. (2001) , and Wilson et al. (2002) are shown as grey squares in Figure 14b . The conversion from the UV continuum between 1500-2800Å to a star-formation rate is SFR UV (M ⊙ yr −1 ) = 1.4 × 10 −28 L ν (ergs s −1 Hz −1 ) (Kennicutt 1998; Hopkins 2004) . Again a Salpeter IMF with masses between 0.1 and 100M ⊙ is assumed.
COMPARISON WITH OTHER STUDIES
Hα Emitters
The LF reported here for z ≈ 0.07 extends an order of magnitude fainter than Jones & Bland-Hawthorn (2001) and about two orders compared to Gallego et al. (1995) , giving a better constraint on the faint end slope. The NB704 and NB711 Hα LFs indicate that α is steeper by about 0.3 compared to Gallego et al. (1995) ; it is also steeper than that of Treyer et al. (2005) and Wyder et al. (2005) . This effect makes little difference in the SFR density; however, it reveals that there are more low luminosity star-forming galaxies than previously predicted for z 0.1. At similar luminosities, the NB704 and NB711 number densities agree with those of Jones & Bland-Hawthorn (2001) .
For z ≈ 0.24, while many emission-line studies are available, there is still significant scatter in the resulting Hα LFs. The Hα NB816 LF is somewhat consistent with Tresse & Maddox (1998) and Sullivan et al. (2000) particularly the latter with a steep α: < −1.5. However, the LFs of Jones & Bland-Hawthorn (2001) , Fujita et al. (2003) , Hippelein et al. (2003) , and Pascual et al. (2005) have a higher number density by a factor of two or more. This is probably the result of cosmic variance as an estimate of the relative cosmic variance is significant: following Somerville et al. (2004) , the bias b is about 0.7 for a comoving number density of 0.05 Mpc −3 and σ DM ≈ 0.9 for a volume of 4.7 × 10 3 Mpc 3 , therefore,
The Hα NB816 LF of Fujita et al. (2003) has twice as many line emitters per logarithmic bin than the NB816 emitters in this paper. But the B−R C and R C −I C colors were examined for Hawaii HDF-N sources with NB816 redshifts, and a significant (about 50%) amount of contamination from [O iii] into their Hα selection criterion was found, which will certainly reduce their number densities. This can be seen in Figure 15 , and indicates that using population synthesis models [as Fujita et al. (2003) have done] is not enough; spectroscopic identification is required to obtain a sample with low contamination. It should be pointed out that the selection criterion of Fujita et al. (2003) The extinction-corrected Hα SFR densities (z < 0.5) appear consistent with the Hα surveys of Gallego et al. (1995) , Sullivan et al. (2000) , and Hippelein et al. (2003) , [ O ii] measurements from Hogg et al. (1998) and Gallego et al. (2002) , and a UV measurement from Cowie et al. (1999) . However, Hα measurements from 
DISCUSSION
Differences between NB704 and NB711 LFs
The LFs for Hα at z = 0.074 and 0.086 show little differences. This could be coincidental given that cosmic variance is expected to be large in a small comoving volume. For [O iii] , the lower redshift LF shows a steeper faint end slope and has 351 versus 209 emitters. This can be the result of differences in the NB filter as the NB711 has a comoving volume that is smaller by 25%. For [O ii], the density of NB711 emitters below a luminosity of 10 41.5 ergs s −1 is twice as high compared to NB704 emitters, and there is 818 versus 673 emitters. The difference in number of line emitters cannot be explained by the smaller NB711 bandpass as more objects are seen in the NB711 filter. However, the difference can be attributed to cosmic variance.
Evolution of the LF and SFR Densities
In Figure 14a , a steep evolution in the number density φ ⋆ is found while the luminosity L ⋆ has a milder evolution. The comoving density and luminosity can be fitted with φ ⋆ ∝ (1+z) P and L ⋆ ∝ (1+z) Q with P = 3.85±0.95 and Q = 0.47 ± 0.58. This is contrary to Hopkins (2004) who reports P = 0.15±0.60 and Q = 2.70±0.60. In addition, the faint end slope α appears to flatten out at higher redshifts, evolving from -1.6 to -1.0 as z goes from 0.08 to 1.47 with α ∝ (1.94 ± 0.37) log (1 + z). The flattening at higher redshifts resembles the effects of incompleteness at the faint end. However, even with the completeness correction described in § § 3.4, α still evolves toward a flatter slope at higher redshifts. Moreover, at the highest redshifts, α is well determined with several bins in the LF. One other possible concern is that [O iii] and [O ii] emitters were improperly identified, and resulted in a contamination at the faint end of the Hα LF. The contamination reported from spectra indicated that less than 10% would be mis-identified, so this could not account completely for the steep faint end slope at low redshift. Gabasch et al. (2004 Gabasch et al. ( , 2006 ) also see an evolution (although mild) in α from the blue and red band LFs of 5500 galaxies in the FORS Deep Field. However, Arnouts et al. (2005) and Wyder et al. (2005) find the converse with ultraviolet continuum measurements.
The integrated [O ii] SFR densities at z ∼ 1 are found to be 10 times higher than at z < 0. 
Future Work
The method described in this paper can be applied to other large fields. For example, deep NB816 imaging with Suprime-Cam of SSA22 ) and around SDSSp J104433.04-012502.2 (Fujita et al. 2003; Ajiki et al. 2006 ) were intended to identify LAEs. The low-z NB emitter sample can be obtained from these fields at three additional redshifts of 0.24, 0.64, and 1.18. For SDSSp J104433.04, the previous work of Fujita et al. (2003) for z ≈ 0.24 Hα emitters can be improved by reducing contamination (see § § 4.1). Also, imaging at the remaining three NB filters will significantly expand the sample with nine more redshift intervals. The results of these individual fields can be compared to the results presented for the SDF, and the effect of cosmic variance will be reduced when all NB emitters are combined together. Moreover, NB imaging of deep spectroscopic galaxy surveys (e.g., DEEP2) will (i) further improve these fields as this method provides the redshift of several hundred objects in the fields, (ii) provide existing spectra of NB emitters to further examine the NB technique, and (iii) NB921 imaging of known DEEP2 galaxies with the redshifts of z = 0.84 and 1.47 would provide additional spectroscopic points to be overlayed on Figure 7b as the z ′ cont is unknown without NB921 photometry.
CONCLUSION
Using four NB and five BB filters, one to two thousand NB line-emitters (for each filter) are photometrically identified. Considering the strongest emission lines (Hα, [O ii], and [O iii]), broad-band colors are used to distinguish them into twelve redshifts intervals (some of which overlap). With a large sample of NB emitters, an averaged rest-frame optical to UV SED is obtained for each redshift. The Hα SEDs show little differences for all four redshifts. Generally, high-EW emitters appear bluer relative to the low-EW objects.
The luminosity functions are generated for eleven redshift windows between z = 0.07 and 1.47. These luminosity functions are integrated to obtain a luminosity density, and converted to a measured star-formation rate density after correcting for extinction. The lowest redshifts covered by the NB704 and NB711 filters indicate a steep faint end slope. These NB emitters show that the SFR at z ≈ 1 is ten times higher than z ∼ 0 with a steep decline to z ≈ 0.4. Moreover, the [O ii] SFR is consistent with UV and other [O ii] measurements. Below z of 0.5, ρ SFR measurements from Hα and [O iii] emitters are consistent with several studies; however, there appears to be a discrepancy inρ SFR by a factor of two or more from other studies. Cosmic variance may be imposed to explain the discrepancy.
The data presented herein were obtained at the W.M. Keck Observatory, which is operated as a scientific partnership among the California Institute of Technology, the University of California and the National Aeronautics and Space Administration. The Observatory was made possible by the generous financial support of the W.M. Keck Foundation. The analysis pipeline used to reduce the DEIMOS data was developed at UC Berkeley with support from NSF grant AST-0071048. This research was supported, in part, by NASA grant 1275777. C. Ly is an Eugene V. Cota-Robles fellow. This research was also supported by a scientific research grant (15204012) from the Ministry of Education, Science, Culture, and Sports of Japan. This research has made use of the NASA/IPAC Extragalactic Database, which is operated by the Jet Propulsion Laboratory, Caltech, under contract with the National Aeronautics and Space Administration, and NASA Astrophysics Data System. C. Ly would like to thank A. Hopkins for helpful discussions. In addition, we thank the Subaru and Keck staff for their invaluable help, and Drew Phillips for his successful DEIMOS mask construction program dsim. We also appreciate the comments of an anonymous referee that improved this paper. a The NB catalog number corresponds to the NB filter that the line emission is within. R C -band ID's are provided for FOCAS NB711 emitters and fortuitous sources. b These FOCAS objects were also observed with DEIMOS. The reported redshift is from the DEIMOS observation. c This ID is for the i ′ -band catalog. d Serendipitous sources are secondary sources detected within the DEIMOS long slits and have the appropriate NB redshift. e Fortuitous sources are lower priority targets for the DEIMOS observations with the appropriate NB redshift. Note. -Summary of different line emitters with spectroscopic confirmation. Col. (1) lists the redshift range, Col. (2) gives the emission line and the NB filter corresponding to the redshift, and Col. (3)- (6) list the number of sources that are FOCAS, DEIMOS, serendipitous ('S'), and fortuitous ('F'), respectively. The total number of sources for each redshift range is given in Col. (7). Note. -A summary of the Schechter parameters. Col. (1)- (2) list the redshift and the size of the 2.5σ sample. Schechter variables φ⋆ (Mpc −3 ), L⋆ (ergs s −1 ), and the faint end slope α are listed in Col. (3)- (5) uncorrected for extinction, and Col. (10)- (12) (6)- (7) and (13)- (14) uncorrected and corrected for extinction. The SFR densities assuming AHα = 1.0 and 1.44 are given in Col. (8)- (9). (2), and the redshift range in Col. (3). Col. (4) and (5) provide factors to convert L⋆ (ergs s −1 ) and φ⋆ (Mpc −3 ) to the common cosmology. Schechter parameters (log L⋆, log φ⋆, and α) when available are given in Col. (6)- (8) for observed measurements, and Col. (10)- (12) for extinction-corrected measurements. Observed and extinction-correctedρSFR (in M⊙ yr −1 Mpc −3 ) are given in Col. (9) and (13), respectively.
a The luminosity density is obtained from the available binned data instead of integrating over all luminosities if no LF parameters are provided. Bruzual & Charlot (2003) with constant star-formation (without dust extinction) is shown by the solid black curve for z = 0 to 1.5. Along this curve, the broad-band colors at specific redshifts of 0.24, 0.64, and 1.20 are shown by starred symbols with a circle surrounding it. Black vectors at these points indicate the direction that the colors follow with different emission line strengths. The vectors in the upper left-hand corner correspond to 1 magnitude of V extinction using the reddenning curve of Cardelli et al. (1989) . Filled pentagons (red in the electronic edition) and thick black lines represent the colors of Yip et al. (2004) 's spectra from early to late for z = 0.24. 
24, and R C − i ′ = 1.14. A theoretical model from Bruzual & Charlot (2003) with constant star-formation (without dust extinction) is shown by the solid black curve for z = 0 to 1.5. Along this curve, the broad-band colors at specific redshifts of 0.40, 0.84, and 1.45 are shown by starred symbols with a circle surrounding it. Black vectors at these points indicate the direction that the colors follow with different emission line strengths. The vectors in the upper left-hand corner correspond to 1 magnitude of V extinction using the reddenning curve of Cardelli et al. (1989) . , and (g), respectively, where vertical shifts are applied to overlap them. In (e)-(g), NB704, NB711, NB816, and NB921 emitters are given by grey circles, magenta squares, cyan triangles, and black diamonds, respectively in the electronic edition. , and NB921 are plotted as filled circles, and NB711 emitters are plotted as filled triangles in (a), where black and grey filled circles are for the 2.5σ extinction-corrected and 3σ observed sample, respectively. For NB921, the ±1σ uncertainties in α are shown by the two thin short-dashed black lines, and the 2.5σ observed points are shown as open grey diamonds to illustrate the effect of incompleteness at the faint end. Open circles at the faint luminosity end are 2.5σ points excluded from the best fit given by the thick solid black lines. The luminosity functions from other studies are overlayed. Jones & Bland-Hawthorn (2001) Gallego et al. (1995) , Tresse & Maddox (1998) , Sullivan et al. (2000) , and Hippelein et al. (2003) where their extinction-corrected LF are used. , and NB921 are plotted as filled circles for the 2.5σ extinction-corrected (black) and 3σ observed (grey) sample. For NB921, the ±1σ uncertainties in α are shown by the two thin short-dashed black lines, and the 2.5σ observed points are shown as open grey diamonds to illustrate the effect of incompleteness at the faint end. Open circles at the faint luminosity end are 2.5σ points excluded from the best fit given by the thick solid black lines. For NB816, the filled grey pentagons and solid line are the LF including the 192 unknown sources. The luminosity functions of Hippelein et al. (2003) The LFs for NB704, NB711, NB816, and NB921 are plotted as filled circles for the 2.5σ extinction-corrected (black) and 3σ observed (grey) sample. Open circles at the faint end are 2.5σ points excluded from the best fit given by the thick solid black lines. For NB921, the ±1σ uncertainties in α are shown by the two thin short-dashed black lines, and the 2.5σ observed points are shown as open grey diamonds to illustrate the effect of incompleteness at the faint end. The luminosity functions of Hippelein et al. (2003) Hammer et al. (1997) , Hogg et al. (1998) , Sullivan et al. (2000) , Gallego et al. (2002) , Hicks et al. (2002) , and Teplitz et al. (2003) . Hα (pink in the electronic edition) points are from Gallego et al. (1995) , Tresse & Maddox (1998) , Glazebrook et al. (1999) , Yan et al. (1999) , Hopkins et al. (2000) , Moorwood et al. (2000) , Sullivan et al. (2000) , Tresse et al. (2002) , Fujita et al. (2003) , Pérez-González et al. (2003) , Glazebrook et al. (2004) , and Pascual et al. (2005) . 
